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(54) Quality control mechanism and process for a biof luid multi-ejector system 



(57) A method and mechanism for ensuring quality 
control in printed biological assays is provided. A multi- 
ejector system having a plurality of individual drop ejec- 
tors Is loaded with a variety of biofluids. Biofluids include 
at least a carrier fluid, a biological material to be used 
in the testing, and markers, such as fluorescent dyes. 
Data regarding the blofluid loaded in each of the drop 
ejectors is stored along with an expected signature out- 
put of the biofluid. Particulariy, the signature output rep- 
resents signals from individual ones of the fluorescent 
markers included within the bioftuid. Once a biological 
assay consisting of the biofluid drops has been printed. 



a scanner capable of detecting the markers scans the 
biological assay and obtains signature output signals for 
each of the drops of the biological assay. A comparing 
operation is undertaken to compare the obtained signa- 
ture output through the scanning operation, with the ex- 
pected signature output signals for the biofluid loaded 
in the corresponding drop ejector. The biological mate- 
rial itself may also be tagged with a marker to ensure its 
inclusion in the biofluid. By the comparing operation, it 
is possible to verify the biofluids were loaded in the prop- 
er drop ejector, including the proper biological material, 
and that the drop ejectors are functioning property. 
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Description 

Background of the Invention 

[0001] The present invention is directed to a quality 
control mechanism and process In a multi-ejector sys- 
tem, and more partlculariy, to ensuring the quality of a 
printed biological assay consisting of a plurality of bioflu- 
id drops ejected by the multi-ejector system. 
[0002] Many scientific tests such as those directed to 
biology, genetics, pharmacology and medicine, employ 
sequences or arrays of biofluid drops on which the tests 
are to be performed. In some testing applications up to 
several thousand biofluid drops can be deposited onto 
a single substrate where a single substrate contains a 
variety of unique known biofluids. For example, in cur- 
rent biological testing for genetic defects and other bio- 
chemical aberrations, thousands of the individual bioflu- 
ids may be placed on a substrate. Thereafter, additional 
biofluids are deposited on the previously deposited 
drops to Initiate interactions. This treated biological as- 
say is then scanned in order to observe changes in 
physical properties of the fluids. 
[0003] If the biological assay is defective, testing un- 
dertaken with the biological assay is Invalid, resulting in 
false and potentially dangerous consequences. It is 
therefore critical the biological assay has the appropri- 
ate biofluid deposited at the appropriate locations, in ap- 
propriate amounts. 

[0004] Quality control mechanisms and processes 
are not now available which provide the high quality as- 
surance for large-drop assays, in an economical man- 
ner. 

Summary of the invention 

[0005] A method and mechanism for ensuring quality 
control in printed biological assays is provided. A multi- 
ejector system having a plurality of individual drop ejec- 
tors is loaded with a variety of biofluids. The biofluids 
include at least a carrier fluid, a biological material to be 
used in the testing, and markers, such as fluorescent 
dyes. Data regarding the biofluid loaded in each of the 
drop ejectors is stored along with an expected signature 
output of the biofluid. Particularly, the signature output 
represents signals from individual ones of the fluores- 
cent markers included within the biofluid. Once a biolog- 
ical assay consisting of the biofluid drops has been print- 
ed, a scanner capable of detecting the markers scans 
the biological assay and obtains actual signature output 
signals for each of the drops of the biological assay. A 
comparing operation is undertaken to compare the ob- 
tained signature output through the scanning operation, 
with the expected signature output signals for the bioflu- 
id loaded in the corresponding drop ejector. The biolog- 
ical material itself may also be tagged with a marker to 
ensure its Inclusion in the biofluid. Implementation of the 
comparing operation makes it possible to verify the bi- 



ofluids were loaded in the proper drop ejector, including 
the proper biological material, and that the drop ejectors 
are functioning properly. 

In a further embodiment of the method defined In claim 
5 1 0 the biological material is at least one of single strand 
DNA and duplex strand DNA. 

In a further embodiment the scanner is capable of de- 
tecting fluorescent dye markers. 
In a further embodiment the method further includes the 
10 markers being supplied in at least two different quanti- 
ties. 

Brief Description of the Drawings 
15 [0006] 



FIGURE 1 illustrates a multiple ejector system 
which may Implement either single or two drop ejec- 
tion mechanisms; 

FIGURE 2 sets forth a side view of a multiple ejector 
system illustrating a single ejector, single piece 
mechanism; 

FIGURE 3 sets forth a second embodiment of a mul- 
tiple ejector system wherein shown is a single ejec- 
tor; 

FIGURE 4 depicts a front view of a multiple ejector 
system Implementing sub-arrays of ejectors; 
FIGURES 5 & 6 illustrate a single ejector In a mul- 
tiple ejector system wherein the single ejector Is a 
two-piece piezoelectric drop ejector unit; and 
FIGURES 7 & 8 set forth a single ejector of a mul- 
tiple ejector system wherein the ejector Is a two- 
piece acoustic drop ejection mechanism. 
FIGURE 9 depicts a configuration including the 
drop ejector printhead and controller; 
FIGURE 10 illustrates a table of fluorescent mark- 
ers which may be used in the present embodiment; 
FIGURES 11-16 illustrate the absorption approxi- 
mation output and the fluorescence emission for the 
markers of FIGURE 10; 

FIGURES 17 and 18 set forth exemplary tables of 
a combination of fluorescent markers which may be 
incorporated within the biofluid; and 
FIGURE 19 sets forth an illustrative view including 
a scanner, controller and comparator which may be 
used in an embodiment of the present invention. 
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Detailed Description of Preferred Embodiments 

50 [0007] FIGURE 1 illustrates a multiple ejector system 
(MES) 10 which permits the printing of high density bi- 
ological assays. Multiple ejector system 10 of this em- 
bodiment consists of an array having 10 rows, where 
each row includes 100 drop ejector units. Partlculariy, 

55 In this embodiment drop ejector unit 12 may be consid- 
ered a first ejector in a first row. Drop ejector 14 is the 
1 00**^ ejector In the first row, ejector 1 6 is the first ejector 
in the 1 0*"^ row and ejector 1 8 is the 1 00**^ ejector In the 
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1 0*^ row. For convenience, only selected ones of the 
1 ,000 ejectors of this array are shown. It is to be under- 
stood that multiple ejector systems having different 
numbers of ejectors will also benefit from the concepts 
of the present invention. 

[0008] Drop ejectors which of multiple ejector system 
1.0 may be any of a variety of ejectors which allow for 
high-density drop ejection. For example, such drop ejec- 
tors would include a single-piece piezoelectric drop 
ejector, a single-piece acoustic drop ejector, atwo-piece 
piezoelectric drop ejector, as well as a two-piece acous- 
tic drop ejector. Specific designs which may be imple- 
mented in various embodiments of the present invention 
have been taught in previously filed patent applications 
including U.S. Application Serial No. 09/718,733, filed 
November 22, 2000, entitled: Testing Methods And Con- 
figurations For Multi-Ejector System; U.S. Application 
Serial No. 09/724,987, filed November 22, 2000, enti- 
tled: Devices For Biofluid Drop Ejection; and U S. Patent 
Application Serial No. 09/721 ,386. filed November 22, 
2000, entitled: Level Sense And Control System For Bi- 
ofluid Drop Ejection Devices, each assigned to the 
present assignee and each hereby incorporated by ref- 
erence. 

[0009] The described biofluid drop ejection units func- 
tion using small amounts of biofluid. For example, in one 
embodiment the ejector includes a main reservoir 
which, when full, contains anywhere from 50- 150 mi- 
croliters of biofluid, and an ejection reservoir, which 
when full, holds anywhere from 5 - 25 microliters. Thus, 
operation of the drop ejection units may be accom- 
plished using very low volumes of biofluid. The biofluid 
drops themselves may be in the picoliter range, and 
such ejectors would have tolerances of between +/- 20 
to +/- 30% accuracy as to drop volume. The small vol- 
ume of the biofluid drops ejected, is a beneficial aspect 
of the drop ejection units due to the high cost of many 
of the biofluids which will be used. Also, since very small 
volumes of biofluid are required, the use of disposable 
ejector units become an attractive option. 
[0010] It is to be appreciated that the described drop 
ejection units also operate at a high efficiency whereby 
little waste of the biofluids will occur. This is due both to 
the operational aspects of the units themselves and to 
the fact that only small volumes of biofluid are necessary 
to operate the units. Particulariy, if any waste does exist 
within the system, due to the small amount of biofluid 
originally used, high efficiencies in operation are never- 
theless achievable. In one preferred embodiment, high 
efficiency is defined as use of 80% or more of the biofluid 
under normal operation. 

[0011] While the foregoing discussion stated that 
there would be 50 - 1 50 microliters in the main reservoir, 
and 5-25 microliters in the ejection reservoir, these 
amounts may vary dependent upon the drop size being 
used, the amount of printing to be undertaken, the types 
of biofluids to be used, as well as other parameters. 
[0012] Returning to the configuration of MES 10, 



shown is a tooling plate 20 which has machined therein 
sets of conical-tip tooling pins 22, 24 and 26. These tool- 
ing pins are precisely manufactured into the tooling plate 
to selectively engage the drop ejectors (e.g. ejectors 

5 12-18). Use oftooling pins 22-26 ensures appropriate 
registration ofthe nozzle of the piezoelectric drop ejec- 
tion units or the aperture of the acoustic drop ejection 
units. It is to be appreciated that drop ejection units 
12-18 are intended to represent either piezoelectric drop 

10 ejection units, acoustic drop ejection units or other ap- 
propriate drop ejectors. 

[0013] Tooling plate 20 may be made of steel or other 
appropriate material. Placed on a top surface of tooling 
plate 20 is a printed circuit (PC) board 28. Extending 

15 from the surface of PC board 28, are power connection 
pin 30 and a ground return connection pin 32. The con- 
nection pins 30 and 32 engage the drop ejection unit 14 
on one end and the PC board 28 on a second end. Ad- 
ditionally, power connection pin 30 is further connected 

20 to an electrical trace 34 located on the PC board 28, 
which in turn connects to a controller or driver chip 36. 
The controller or driver chip 36 selectively supplies pow- 
er to drop ejection unit 1 4 via electrical trace 34 and pow- 
er connection pin 30. As will be discussed in greater de- 

25 tail below, this selective application of power is used to 
operate drop ejection unit 14. 

[0014] As shown, drop ejection unit 14 will include ei- 
ther a nozzle or aperture 38, dependent upon whether 
the mechanism is a piezoelectric drop ejection unit or 

30 an acoustic drop ejection unit or other ejector type. A fill 
port 40 is provided for the receipt of a biofluid used to 
print the biological assay. The ejectors may be loaded 
by a loading mechanism 41, shown In dashed lines. It 
is to be appreciated while loading may occur on-site a 

35 preferred embodiment is to have loading mechanism 41 
load the ejectors off-site and then have the loaded ejec- 
tors place into the system. It is also to be understood 
that different biofluids will be placed in different ejectors 
of the MES 10. By proper placement of the tooling pins 

^0 22-26, and the placement of the alignment grooves or 
openings of the ejectors, overall placement of individual 
drop ejector units with the system 10 may be ensured 
to within a thousandth of an inch of an ideal location. 
[0015] Turning to FIGURE 2, illustrated is a side view 

45 of a single drop ejection unit 1 4 of MES 1 0. Tooling plate 
20 includes the tooling pins 22 and 24 previously de- 
scribed. Pin 26 cannot be viewed in this figure, as it is 
located behind pin 22. On top oftooling plate 20 is PC 
board 28 having through holes 42 and 44. A further 

50 throughhole for pin 26 would also be provided. As shown 
more cleariy in this figure, connection pins 30 and 32 
extend from the surface of PC board 28 to engagement 
at appropriate locations of drop ejection unit 1 4. For ex- 
ample, connection pin 30 which receives power from 

55 controller 36, operationally engages the transducer of 
either the piezoelectric or acoustic drop ejection unit. 
Supplying power activates the drop ejection unit 14 
causing emission of drops 46. A ground contact is 
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achieved by use of connection pin 32. Botli connection 
pins 30 and 32 may be designed as pogo pins which are 
a spring-loaded mechanisms. Thus when drop ejection 
unit 14 is located over tooling pins 22, 24, 26 and is 
pressed downward such that pins 22-26 pass through 
corresponding alignment holes, spring engagement is 
made between connection pins 30, 32 and drop ejection 
unit 14 providing the electrical contacts described. 
[001 6] A static voltage 48 may be placed on the back- 
side of substrate 50 to counter the affects of gravity and 
viscous drag on drops 46, which act to move drops out 
of a straight path to the substrate. Use of static voltage 
48 increases the accuracy with which drops 46 are 
placed on substrate 50, by providing a strong attraction 
force. The flight ofthe drops are an important concept 
as small misregistrations can cause crpss-contami na- 
tion between drops or misreadings of the biological as- 
say once developed. 

[0017] FIGURE 3, is a side view of a selected drop 
ejector 14 from an alternative multiple ejector system 
52. In this embodiment circuit board 54 is the lowermost 
element of MES 52. Power connectton pin 56 and 
ground return connection pin 58 are passed through 
openings 60 and 62 of tooling plate 64. It is to be noted 
that openings 60 and 62 need to be electrically isolated 
from pins 56 and 58. Similar to the previous discussion, 
tooling plate 64 has multiple sets of tooling pins 66 and 
68 extending from the surface of tooling plate 64. A third 
tooling pin of the set, such as shown in FIGURE 1 is also 
provided in FIGURE 3 though not shown. Thereafter, 
drop ejection unit 14 is placed Into engagement with 
tooling pins 66, 68 and connection pins 56, 58. 
[0018] While the forgoing discussion has focused on 
tooling pins of FIGURES 2 and 3 as being conical pins 
on which the drop ejector 14 rests, in an alternative em- 
bodiment, these tooling pins may be designed simply to 
pass through the drop ejector and the drop ejector will 
move down until hitting predetermined stops located ei- 
ther extending from the pins themselves or from the tool- 
ing plate, such as stops 70 or 72, shown in dashed lines. 
Stops 70 and 72 are positioned such that proper align- 
ment of the drop ejector is achieved. If this embodiment 
is undertaken, then tooling pins, such as 66 and 68 may 
be made much shorter in length. The shortening of the 
tooling pins are made shorter such that the portions of 
the pins passing through the drop ejector do not extend 
into the printing plane. In the embodiment shown in FIG- 
URE 3, the stops may also be provided by tiie PC board 
166. 

[0019] With attention to a further embodiment of the 
devices shown in FIGURES 2 and 3. While two connec- 
tion or pogo pins 30, 32 in FIGURE 2 and 56, 58 in FIG- 
URE 3, are shown to provide an excitation and a ground 
return, an embodiment with a single pogo pin may also 
be used. In the single pogo pin embodiment, tiie exci- 
tation pins 30 or 32 of FIGURES 2 and 3 will be main- 
tained. However, the return or ground contact pogo pins 
32 and 58 of FIGURES 2 and 3 may be replaced by pro- 



viding the ground contact through use of the tooling pins 
interconnected to the alignment openings. 
[0020] Multiple ejector systems 10, 52, maybe con- 
sidered applicable to single-piece drop ejection units. 

5 When these drop ejection units have been exhausted of 
bioftuid, they may be removed from the tooling pins and 
replaced with new ejection units. Removal of the drop 
ejection units from the tooling pins may be accom- 
plished by any of many known designs such as a snap- 

10 fit connection which is releasable upon application of an 
upward pressure. 

[0021] Turning to FIGURE 4, illustrated is a top view 
of a further multiple ejector system 80. In this embodi- 
ment, rather than attaching individual drop ejection 

15 units, drop ejection sub-arrays, such as sub-array 82, 
are used. Specifically, multiple drop ejection units are 
configured on a single substrate 84, during for example, 
a drop ejection unit lithographic formation process. Us- 
ing sub-arrays 82, requires fewer sets of tooling pins 

20 86-90 on tooling plate 92. However, the same number 
of power connection and ground return connection pins 
as well as electrical tracings will be required. Addition- 
ally, using sub-arrays 82 increases the ease of handling 
the drop ejection units. Particulariy, due to the small size 

25 of individual ejector units, handling these as individual 
units increases the complexity of the system as opposed 
to using the larger sub-arrays. Further, using the sub- 
arrays provides for more accurate alignment as a high 
degree of alignment accuracy may be obtained during 

30 the formation of the sub-array. 

[0022] In order to increase the refinement of drop 
ejector position, connection pins such as those de- 
scribed in connection with FIGURES 2-4, are designed 
to have a certain flexibility built into the pin structure. 

35 This is beneficial, as this fiexibility is useful for providing 
further fine alignment of the drop ejectors once connect- 
ed to the pins. Thus, while the manufacturing process 
ofthe tooling plate and pins extending therefrom, as well 
as the connection holes on the drop ejectors are done 

40 with a high degree of precision, further alignment accu- 
racy may be obtained if a spring or fiexible capability is 
designed into the tooling pins. Such tooling pins allow 
for movement of the drop ejector in the horizontal X and 
Y plane such that the ejector is specifically aligned with 

45 a location for emitting. In an alternative embodiment, the 
through holes formed in the drop ejector units may be 
manufactured with a spring or fiexible circumference, 
whereby fimn engagement is made to the tooling pins, 
while also allowing for fiexure In the X, Y horizontal 

50 range. 

[0023] Further, the alignment grooves of the drop 
ejectors may be formed with a V groove or other design 
which allows for the movement of the pins for more pre- 
cise alignment of the ejector. Such alignment elements 
55 and processings are known in the alignment field. Addi- 
tionally, while the embodiments previously shown dis- 
cuss the use of three pins in the set of pins holding a 
drop ejector unit. It is to be understood that other ar- 
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rangements of pin sets are possible. For example, In the 
proper situation, a 2-pin, 4-pln or other pin set arrange- 
ment may be most appropriate. 
[0024] FIGURES 2 and 3 illustrate multiple ejector 
systems which use single-piece drop ejection units, both 
for piezoelectric drop ejection mechanisms and acoustic 
drop ejection mechanisms or other types of ejectors. 
Turning to FIGURES 5-8, set forth are side views of a 
section of multiple ejector system arrangements for two- 
piece piezoelectric drop ejection mechanisms and two- 
piece acoustic drop ejection mechanisms. 
[0025] FIGURE 5 represents a side view of a multiple 
ejector, system (MES) 1 00 and particularly a single ejec- 
tor 1 02 of the system. Ejector 1 02 Is connected to tooling 
pins 104 and 106. As in previous examples and for all 
following examples, there may also be at least one ad- 
ditional tooling pin, behind for example tooling pin 104, 
not seen in the figure. In this system 1 00 power connec- 
tion pin 108 and ground return pin 110 extend from cir- 
cuit board 112. Power connection pin 108 is in operative 
engagement with transducer 114, such that when power 
is supplied from a controller or driver chip to power pin 
108 via electrical tracing, transducer 114 is activated 
causing ejection of droplets from nozzle 116. 
[0026] When the biofiuid drop ejection unit of FIGURE 
5 is depleted, only the portion of the unit containing bi- 
ofiuid is removed. The transducer portion, as previously 
discussed, will be maintained in the system. FIGURE 6 
Illustrates this removal. Biofiuid holding portion 118 has 
been removed from tooling pins 1 04 and 1 06. The trans- 
ducer 114 is maintained in contact with power connec- 
tion pin 1 08 Therefore, the connection between power 
connection pin 1 08 and transducer element 1141s semi- 
permanent. 

[0027] Turning to FIGURES 7 and 8, a configuration 
for a multiple ejection system 120 using two-piece 
acoustic drop ejection mechanisms is illustrated. In FIG- 
URE 7, drop ejection mechanism 122 is in operative 
connection with appropriate tooling pins 124, 126 of 
tooling plate 128, power connection pin 130 and ground 
retum pin 1 32 of circuit board 1 34, such that it is ready 
for operation. Once the biofiuid held in cartridge 1 36 has 
been depleted, cartridge 136 is removed. FIGURE 8 il- 
lustrates this situation. Upon removal of cartridge 1 36, 
the remaining portion of the acoustic drop ejection 
mechanism 138 which includes transducer/lens ar- 
rangement 140, is maintained in engagement with con- 
necting pins 270 and 1 32. 

[0028] In FIGURES 5-8, after the original biofiuid car- 
tridge is removed replacement biofiuid cartridges can 
then be inserted into the system. The insertion of these 
replacement biofiuid cartridges or holders may be ac- 
complished by use of robots. It is noted that the forgoing 
systems may all be implemented using the sub-arrays 
of FIGURE 4. Further, the alternative embodiments dis- 
cussed in connection with FIGURES 2-4 are equally ap- 
plicable to the arrangements of FIGURES 5-8. 
[0029] The multiple ejector system and components 



described in FIGURES 1-8 are used to generate biolog- 
ical assays which contain a biological material upon 
which hybridization or other testing is to be undertaken. 
In one embodiment the biofluids will contain DNA 
5 Strands of a known type which are then to be tested 
against unknown DNA strands. A goal achieved by the 
multi-ejector systems of FIGURES 1-8 Is high volume 
production of the biological assays at a low cost. Partlc- 
ulariy, the high speed printing capabilities described by 
10 the foregoing systems permit a reduction in the costs 
involved in creating the biological assays which are to 
be used for further testing. The resulting lowered cost 
and economic viability removes one obstacle for in- 
creased use of such biological assays. 
15 [0030] However, it is realized by the inventors that for 
such biological assays to be useful, reliability is of critical 
importance. Since the intent of multiple ejector systems 
is to create assays having from hundreds to thousands 
of individual biofiuid drops In a small area, and to under- 
go take such production at high speeds it is necessary to 
implement quality control mechanisms and processes 
to assure the correctness of the biofluids being depos- 
ited. Specifically, it is necessary to ensure the intended 
biofiuid Is located at the Intended location on a sub- 
25 strate, and that such biofiuid drop is of the proper size 
and fomi. 

[0031] Since, there will be a large number of different 
biofluids which may be used for a particular biological 
assay, it is important that there is an assurance the in- 

30 tended biofiuid is located within the intended drop ejec- 
tor. One particular manner of making sure biofluids with- 
in a MES are properly loaded, is to dope the biofiuid of 
each drop ejector with at least one marker. Including 
markers in the biofiuid of an ejector forms a unique fin- 

35 gerprint or signature for each ejector, such that when 
detected, the results are used to ensure the proper bi- 
ofiuid is being ejected from the proper ejector at the In- 
tended location. 

[0032] Descriptions of how this doping scheme and 
40 operation may be achieved are set forth with the discus- 
sion accompanying FIGURES 9-19. With attention to 
FIGURE 9, illustrated is a block diagram of a drop ejec- 
tor printhead 1 50, and a printhead controller 1 52 which 
controls operation of the printhead. Each ejector on the 
45 printhead 1 50 is specifically defined. For example, ejec- 
tor 1 54 may be defined as ejector A1 , ejector 1 56 as A2, 
ejector 1 58 as A3 and so on. The designation and cor- 
responding location of each ejector Is stored by print- 
head controller 152. Controller 152 may be a separate 
50 computer system, or a controller chip located on print- 
head 150. 

[0033] The drop ejectors are loaded with a particular 
biofiuid which is to form the biofiuid drops from that ejec- 
tor. Along with the markers, the biofiuid includes a carrier 
55 fluid and the biological material, such as single or duplex 
DNA strands, proteins or other material which is to be 
used for testing and experimentation purposes. The car- 
rier fluid may be an inert buffer fluid Into which is located 
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the markers and biological material. 
[0034] In operation, printhead controller 152 controls 
when an ejector is to function and eject this biofluid onto 
a substrate for a formation of the biological assay. How- 
ever, It is understood that errors in the loading of the 5 
biofluid, loading of the biological material, or operation 
of the multiple ejector systems may occur. Therefore, 
quality control assurance mechanisms are used to en- 
sure a high quality biological assay output 
[0035] In the present embodiment, the markers added io 
to the biofluid are fluorescent dyes, used to track and 
confirm the proper placement of the biofluid, including 
that the intended biological material is located at the ap- 
propriate location in the appropriate amount. The creat- 
ed biological assay is scanned by an appropriate scan- is 
ning device and the results verified against a standard- 
ized expected output to confirm the quality and accuracy 
of the generated biological assay. 
[0036] More particularly, fluorescent dyes are known 
to generate known repeatable signature or fingerprint 20 
signals. One source of such dyes is from a Molecular 
Probes, Inc. of Eugene, Oregon. This company markets 
a series of fluorescent dyes under the registered trade- 
mark Alexa Fluor. When included in or added to other 
materials such as the carrier fluid or biological material 25 
(such as the single or duplex DNA strands) the dyes be- 
come absorbed. The approximate absorption and fluo- 
rescence emissions are known for the selected dyes. 
[0037] For example, FIGURE 10 is a table listing a 
family of 10 Alexa Fluor dyes and their absorption ap- 3o 
proximation (Abs) and fluorescence emission (Em) 
maxima for conjugates, In nanometers. It Is noted that 
for Alexa Fluor 633, 660 and 680, since human vision is 
insensitive to light beyond approximately 650 nanome- 
ters, it is not possible to view the far red fluorescent dyes 35 
simply through a conventional fluorescence micro- 
scope. 

[0038] FIGURES 11-16 depict the absorption and flu- 
orescence emission signals for the fluorescent dyes of 
FIGURE 10, As illustrated by FIGURES 11-16, each dye 4o 
will have a distinct peak emission output distinct from 
the other dyes. This distinct emission output Is advan- 
tageously used in the quality assurance processes. It is 
also noted that these fluorescence dyes may work to- 
gether for multi-labeling situations. Particularly, more ^5 
than a single dye may be added to a biofluid, as the flu- 
orescent dyes do not interact with each other. Therefore, 
it is possible to use a combination of dyes to provide 
each drop ejector with its unique detectable signature. 
It is to be appreciated, that while the fluorescent markers so 
discussed have been those from Molecular Probes, Inc., 
other fluorescent markers may similarly be used with the 
present Invention. 

[0039] Turning to FIGURE 17, shown is a table of po- 
tential combinations which would permit unique identi- ss 
fication of the drop ejectors. In FIGURE 1 7, the left hand 
column includes fluorescent dyes FL1 - FL6. The ejec- 
tors under consideration are ejectors A1 - AN of FIG- 



URE 9. For drop ejector A1 , fluorescent dyes FL1 , FL2 
and FL3 are added to the biofluid to be loaded to this 
ejector. Whereas fluorescent dyes FL4, FL5 and FL6 are 
absent. As can be seen from the other columns of the 
table, the remaining ejectors A2 - AN each have a 
unique combination of fluorescent dyes FL1 - FL6. It is 
to be appreciated that a different number of fluorescent 
dyes may be used as well as different patterns or com- 
binations. 

[0040] With further attention to providing a unique fin- 
gerprint or signature for each drop ejector and drop, at- 
tention is directed to FIGURE 1 8. In this figure, it is noted 
that the fluorescent dyes are still FL1 - FL6. However, 
now being considered are drop ejectors B 1 - BN. In this 
loading scheme, certain ones of the drop ejectors have 
only a half volume of a particular fluorescent marker. For 
example, for drop ejector B1, fluorescent dyes 1 and 3 
(FL1 and FL3) are at a half volume amounts or intensity 
as compared to fluorescent marker 2 (FL2) also includ- 
ed in B1 . Further, the pattern in B1 - BN Is different from 
the pattern of A1 - An. The use of absent (0), half (1/2), 
and full (1) volumes of the fluorescent dyes increases 
the number of potential combinations, thereby permit- 
ting even a fewer number of dyes to account for each of 
the drop ejectors of a printhead. The loading of markers 
shown In FIGURES 17 and 18 are for explanatory pur- 
poses only, and the actual doping sequences will vary. 
[0041] To obtain the halfvolume or intensity, tests de- 
termining the full volume, i.e. any selected value, and 
its corresponding signature output is obtained. Thereaf- 
ter, only half that volume of a marker is added to deter- 
mine the standard output signature or fingerprint for that 
particular fluorescent marker at the half value in the par- 
ticular biofluid. Similar testing may be done for even 
more refined levels. For example, using equipment with 
sufficient sensitivity, 1/4 volume levels or others may al- 
so be used. 

[0042] Once the drop ejectors are loaded with the bi- 
ological material to be printed, the carrier fluid, and flu- 
orescent dyes, the printing process is undertaken. As 
shown in FIGURE 1 9, printhead 1 50 controlled by print- 
head controller 152 prints a biological assay 170 on a 
substrate 172 which may be a paper substrate, glass 
substrate, a substrate having a nylon membrane or oth- 
er appropriate material. Each drop corresponds to at 
least some set of the drop ejectors. It is to be appreci- 
ated that not all drop ejectors may be emitting at the 
same time, and many varied and schemes of drop ejec- 
tion may be used to achieve the output of the biological 
assay. However, in this embodiment for purposes of 
clarity, it will be assumed drop ejector A1 of printhead 
150 has ejected drop 174 at position 1 (POS1). 
[0043] The biological assay is passed through a scan- 
ner 1 76 capable of detecting the fluorescent dyes which 
have been included in the biofluid. A scanner controller 
178 is provided to control operation of the scanner. It is 
to be appreciated that while scanner controller 178 is 
shown separate from scanner 176, it may be incorpo- 
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rated and made part of the scanner 176. Scanner 176 
has the capability of detecting the wavelengths of the 
fluorescent dyes. One type of scanner which may be im- 
plemented in this embodiment is known as the 428'^'^ 
Array Scanner from Affymetrix, Inc. of Santa Clara, CA. 
This particular scanner has the ability to scan up to six 
different wavelengths in its detection of fluorescent 
dyes. 

[0044] Once biological assay 170 Is scanned, the de- 
tected Information is provided to scanner controller 1 78. 
In this embodiment, scanner controller 178 wilt detect 
for example, that biofluid drop 1 74 at POSI was detect- 
ed to include a full volume (one unit) of FL1 , FL2 and 
FL3. This information is then passed to a comparator 
180. Comparator 180 is in operative connection with 
both scanner controller 178 and printhead controller 
152. Information from controller 1 52 Interprets that drop 
ejector A1 was responsible for dropping the drop located 
at position 1 (POSI ). It is then interpreted that drop ejec- 
tor A1 included a full volume (one unit) of FL1 , FL2 and 
FL3 and that there is a correlation between the two. 
Thus, the comparing operation is used to verify that 
ejector (A1 ) ejected the intended biofluid at the Intended 
location. 

[0045] This comparing operation is continued for each 
drop on the biological assay 170. If it is determined that 
there is a match for each drop in comparison to the drop 
ejector functioning to produce that drop, then the biolog- 
ical assay is determined to pass the quality assurance 
test. If on the other hand, some nonconformity is deter- 
mined In the comparing operation, the biological assay 
is tagged as defective arid not accepted. The noncon- 
formity determined by comparator 180 may be further 
investigated to determine whether there has been a mis- 
take in the operation of the associated drop ejector, 
whether the wrong biofluid was loaded In the drop ejec- 
tor, and/or the wrong biofluid information was stored in 
the controllers. 

[0046] It is to be appreciated that in this embodiment, 
six fluorescent dyes are used, thereby allowing the use 
of the six frequency fluorescent scanner. In other em- 
bodiments, if more than six dyes are to be used, multiple 
scanners may be Implemented or a scanner having the 
ability to determine more than six wavelengths could be 
used. 

[0047] In another embodiment, markers, such as the 
fluorescent dyes may also be used to label, the biolog- 
ical material, such as the DNA probe. This embodiment 
acts as an assurance that the proper DNA or other bio- 
logical material is loaded in the proper drop ejector. For 
example, in the proceeding embodiment, even if the flu- 
orescent dye combination is matched as being accurate 
with the intended combination In the drop ejector, in in- 
stances where the biological material such as the DNA 
strands are added separately, there Is the possibility the 
wrong biological material may be added to a drop ejector 
even if the drop ejector has the proper fluorescent dyes. 
[0048] By adding a step of tagging the biological ma- 



terial with a marker, further quality assurance is ob- 
tained. Partrculariy, not only can the proper drop posi- 
tion, proper biofluid and proper ejector operation be con- 
firmed, but it Is also possible to confirm that the intended 

5 specific biological material was also ejected. More spe- 
cifically, a marker, such as one of the fluorescent dyes, 
is tagged to a specific biological material, such as the 
DNA probe. The information regarding the unique mark- 
er attached to a specific DNA strand is stored in, for ex- 

?o ample, the printhead controller 152. The standardized 
expected output due to such a tagging would also be 
stored. When the printed biological assay is scanned, 
the detected output emission values are compared to 
the standardized expected values In a manner similar 

15 to that for the markers in the carrier fluid. This embodi- 
ment may be achieved through the use of a configura- 
tion such as that shown In FIGURE 19. Further, the DNA 
probe material may have more than a single fluorescent 
dye attached and the dyes may be of different intensi- 

20 ties. 

[0049] In both the testing of the biofluid through dop- 
ing of the carrier fluid, and by tagging the DNA probes, 
the standard emissions output which will be expected to 
be detected, are obtained through controlled experi- 
mentations prior to implementation of the quality assur- 
ance processes. 

[0050] Marking the biological material such as a DNA 
strand, will cause a shift in the frequency wavelength 
dependent on the amount of molecules which become 
attached to the DNA strand. Knowing what amount of 
material will result in a certain shift, can be used to de- 
termine the amount of biological material which has 
been ejected. When the shift is more or less than ex- 
pected, this will indicate that the ejector was under or 
overioaded with the biological material, or that the drop 
ejector may not be functioning properly. 
[0051] In a preferred embodiment, the biological ma- 
terial which will be included In the biological assay are 
single strand DNA. It is this DNA which will be tested 
against unknown DNAs. 

[0052] In an alternative embodiment small pieces of 
duplex strand of DNA are used as markers. By then add- 
ing a fluorescent dye, matched to the double strand of 
DNA, the dye will move into the rungs of the ladder, i.e. 
these are intercoagulatlng dyes. Such an action will 
cause a shift in the emission spectrum of the dye. This 
shift can be used to achieve a quality assurance advan- 
tage by including a fixed piece of the double strand in 
all ejectors for additional quality control checks. 
[0053] In a further embodiment, the dye markers may 
be configured and tagged to the biological material to 
provide altered signals dependent upon the age of the 
biological material. In this way, outdated biological ma- 
terial may be recognized and discarded. 
[0054] While the foregoing discussion has centered 
on fluorescent dyes as the markers, other markers may 
also be used which provide the quality assurance veri- 
fications required for the present Invention. 
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Claims 



ing: 



1 . A method of providing a quality assurance check to 
a biological assay printed on a substrate, using a 
multi-ejector system having a plurality of individual 5 
drop ejectors, the method of providing a quality as- 
surance check comprising: 

loading drop ejectors of the multi-ejector sys- 
tem with a variety ofbiofluids, the biofluids in- io 
eluding a carrier fluid, a biological material and 
at least one marker; 

storing expected signature output signals for 
the biofluld loaded in the drop ejectors; 
printing the biological assay consisting of drops is 
from the biofluid loaded In the drop ejectors; 
scanning the drops of the biological assay with 
a scanner capable of detecting the markers; 
obtaining signature output signals for the drops 
of the biological assay; 20 
comparing the obtained signature output signal 
for a specific drop and the expected signature 
output signal for the biofluid loaded in the drop 
ejector which ejected the specific drop; and 
verifying proper loading of the biofluids, proper 25 
storage of the expected signature output sig- 
nals and proper placement of the biofluid drop, 
when the comparing step results in a desired 
correlation between the expected signature 
output and the obtained signature output 30 

2. The method according to claim 1 further including 
using a combination of markers in one biofluid load- 
ed in one drop ejector. 

35 

3. The method according to claim 1 wherein the bio- 
logical material is at least one of single strand DNA 
and duplex strand DNA. 

4. The method according to claim 1 wherein the mark- 40 
ers are fluorescent dye markers. 

5. The method according to claim 1 wherein the drop 
ejectors are at least one of piezoelectric drop ejec- 
tors and acoustic drop ejectors. 45 

6. The method according to claim 1 wherein the scan- 
ner is capable of detecting fluorescent dye markers. 

7. The method according to claim 1 further including so 
attaching a marker to the biological material. 

8. The method according to claim 1 further including 
the markers being supplied in at least two different 
volumes. ss 

9. A system for printing a biological assay having dif- 
ferent types of biofluid drops, the system compris- 



10. 



a plurality ofbiofluids, each of the plurality of bi- 
ofluids including a carrier, a biological material 
and a combination of fluorescent dyes; 
a printhead including an array of individually 
controllable drop ejectors, each drop ejector 
configured to hold an amount of one of the plu- 
rality of biofluids to be ejected as the biofluid 
drops of the biological assay; 
a printhead controller in operative connection 
with the printhead, the printhead controller con- 
figured to selectively activate the drop ejectors, 
and the printhead controller storing Information 
on the composition of the biofluid in each of the 
drop ejectors including the combinations of flu- 
orescent dyes and an expected signature out- 
put for each of the biofluids; 
a scanner configured to scan each of the drops 
of the biological assay, and to detect the 
scanned combinations of fluorescent dyes 
within each of the drops; 
a scanner controller for correlating the detected 
fluorescent dye combinations to the drop loca- 
tion, and obtaining the detected signature out- 
put for each biofluid drop; and 
a comparator in operative connection with both 
the scanner controller and the ejector control- 
ler, the comparator configured to compare the 
expected signature output of a drop with the de- 
tected signature output of the drop. 

A method of printing a biological assay on a sub- 
strate, using a multi-ejector system having a plural- 
ity of individual drop ejectors, the method compris- 
ing: 

loading drop ejectors of the multi-ejector sys- 
tem with a variety of biofluids, the biofluids in- 
cluding a carrier fluid, a biological material and 
a combination of fluorescent dyes, and the drop 
ejectors being one of piezoelectric drop ejec- 
tors and acoustic drop ejectors; 
storing expected signature output signals for 
each biofluid loaded in each of the drop ejec- 
tors; 

selectively ejecting biofluid drops from selected 
ones of the drop ejectors in a pattern to form a 
biological assay; 

scanning the drops of the biological assay with 
a scanner capable of detecting multiple signa- 
ture output signals of the fluorescent dyes in the 
scanned drops.; 

obtaining the signature output signals for the 
drops of the biological assay, wherein each 
drop will have multiple signature output signals 
corresponding to the fluorescent dyes included 
In the biofluid drop; 
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comparing the obtained signature output sig- 
nals for a specific drop and the expected sig- 
nature output signals for the biofluid loaded in 
the drop ejector which ejected the specific drop, 
the expected signature output signals being s 
pre-tested standardized signals; and 
verifying proper loading of the biofluids, proper 
storage of the expected signature output sig- 
nals and proper placement ofthe biofluid drop, 
when the comparing step results In a desired io 
correlation between the expected signature 
output and the obtained signature output. 
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